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1. INTRODUCTION 

Because of its configurable luminosity, large heat stability, good mechanical power, and 
effortlessness of production [1]-[4], phosphorus-in-glass (PiG) is a potential epoxy-free hue adapter in 
increased-strength white lightings including advertising white light-emitting diodes (WLEDs) and the 
upcoming version of laser-influenced white-emitted illumination. Yellow-emitted PiG has been developed 
via fusing YAG phosphorus ions in a glass substrate at low temperatures, also it has recently been used in 
distant-kind WLEDs [5]-[7]. Owing to a red element scarcity, YAG:PiG-based WLEDs exhibit inferior hue 
standards with a poor CRI 75 and a large CCT>5000 K despite their excellent illuminating effectiveness 
(LE>150 Im/W) [8]-[11]. To address this issue, commercialized nitride phosphors were used to provide 
chromaticity-adjustable PiG. Whereas this method improves the CRI of WLEDs (>80), nitride phosphors 
undergo chemical reactions among several glass substrates as well as heating declination throughout the 
mixing procedure. This causes an inferior phosphor quantum effectiveness [12], [13]. To compensate for the 
red spectrum, red-emitted uncommon earth or transitional-metallic particles were added to the YAG:Ce** 
PiG. [14], [15]. Yet, spectrum alteration of PiG-doped particles is insufficient, in which the efficiency of 
these PiGs would inevitably droop. On the condition that they have narrow/size-tunable radiation spectra, 
excellent quantum productivities, and wide absorbing spectra, semiconductor quantum dots (QDs) have 
recently matched attractive transmuting substances in the WLED devices [16]-[18]. The incorporation of 
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steady and effective red-colored CdSe/ZnS QDs with the YAG:Ce?* phosphorus is a critical decision for 
increasing the WLED hue standard. QDs must stay within polymeric matrices to avoid oxidizing caused by 
the environment and to continue using the standard packaging technique for WLEDs [19], [20]. To acquire 
QD PiG adapters for distant-kind WLEDs, a QD-polymeric coating was created then applied to YAG:Ce** 
PiG structure [21]. Solid-kind QD (SQD) has a poor performance during polymer curing because of self- 
accumulation and interactions with the polymer matrix [22]. Additionally, the coffee ring impact makes it 
challenging for the goal of creating a homogeneous dispensation of QDs in polymer films. 

In this study, we suggest using a PiG hue adapter in conjunction with a liquid-kind QD (LQD) to 
make high-grade WLEDs. The LQD is able to surmount QDs’ poor performance occurred in the solid 
condition due to the QDs occupancy within the solution. Sher [23] constructed extremely effective as well as 
trustworthy models of WLEDs via combining LQDs from various hues. Because of the limitations of 
electrical power conversion and aggregating in the SQD, Le et al. [24] presented seven alternate LQDs for 
constructing high brightness WLEDs. Judging these works, the LQD has superior illuminating properties 
than the SQD with no requirements for the waste of time, sophisticated dispersal, and curing techniques. In 
this study, the YAG:Ce** PiG was made utilizing screening printing and reduced-heat processing. A red- 
emitting CdSe/ZnS QD composition was conveyed to the PiG set, which was subsequently employed in 
WLEDs to generate the PiG LQD. The optic performance of WLEDs based on PiG LQD was estimated and 
compared to WLEDs based on PiG SQD. In like manner, by examining the WLED's working temperatures 
under various driving currents. Over a lengthy period, the stability of WLEDs was tested. 


2. METHOD 
2.1. Preparation 

In this study, we use a hexagonal (wurtzite) ZnS:Mn**,Te”*. So, for the most precise results, the 
phosphor composition must be prepared as written in the Table 1. First, combine all the materials of ZnS, 
MnCO;, and Nh4Br in the water. Then after the mixture dry in the air, powderize it. Before the firing process, 
add around 2-3 g of sulfur. The first stage requires us to burn the mixture inside capped quartz tubes with N2 
within 1 hour and approximately 900 °C. Next, admit the ZnTe, the materials will be mixed by milling or 
grinding. The second stage also begins by firing the mixture for 1 hour in capped quartz tubes with N2 under 
1200 °C. It will be powdered and then washed in a combination of a modest Br concentration in methanol, 
followed by repeated washes in pure methanol. The outcome phosphor should have the radiation hue is red, 
radiation maximum is 1.92 eV, radiation amplitude (FWHM) is 0.24 eV. Also, the UV stimulation 
effectiveness is ++(4.88 eV) and ++(3.40 eV). 


Table 1. Ingredients of ZnS:Mn**,Te** phosphor 
Materials By mole (%) By grams 


ZnS 94 92 

MnCO; 3 3.5 

ZnTe 3 5.8 
Nh,Br 2 2 


2.2. Scattering computation 

This research used the LightTools software along with the Mie-hypothesis for purpose of building 
the LED layout, in which the accuracy of the findings must be double-checked [16]-[19]. After all the data on 
the scattering properties of phosphor particles used to support research on the influence of phosphorus 
ZnS:Mn**,Te** on WLED at a high correlation temperature of 5600 K has been gathered, simulate WLEDs 
with double-layer phosphorus without delay. The production of phosphor combination ZnS:Mn7*,Te* and 
YAG:Ce** construct the in-cup phosphor structure of WLEDs is shown in Figure 1. It can be observed that 
the phosphor films are in the order as follows: ZnS:Mn?*,Te** phosphor, yellow phosphor YAG:Ce** 
phosphor, and silicone glues. WLEDs are made up of blue-emitting chips, a reflecting cup, phosphor films, 
as well as a polymer film, demonstrated by Figures 1(a) to (d). The reflector's parameters covering the chips 
have a 2.07 mm deepness, an 8 mm base, and a 9.85 mm length at the peak covering. At a maximum 
wavelength of 453 nm, every 9 blue chips have a radiation strength of 1.16 W. ZnS:Mn**,Te** phosphor has a 
refractive index of 1.85, while YAG:Ce** is 1.83. In order to poise the volatility of ZnS:Mn**,Te?* 
concentration and maintain mean CCTs, the YAG:Ce** concentration must be adjusted suitably. 
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(c) (d) 


Figure 1. WLED dual-layer phosphor patterns: (a) three-dimensional layout; (b) bond formation graph; (c) 
cross-section prototype of pc-WLEDs; and (d) depiction of WLEDs generated using Light Tools commercial 
program 


3. RESULTS AND DISCUSSION 

As ZnS:Mn**,Te* grows, the phosphorous of YAG:Ce** changes to preserve the median CCTs, see 
Figure 2. As an illustration, if the ZnS:Mn?*,Te”* concentration rises from 2%-26% wt., the YAG:Ce** 
phosphorus have to decrease to maintain the mean CCT, which is precise for WLEDs at 5600 K. The shift 
relies on these findings impacts diffusing and absorptivity qualities as well, potentially improving the hue 
standard and light performance of WLEDs. Accordingly, the concentration of ZnS:Mn**,Te?* phosphor is 
critical, as this phosphor determines the performance of WLEDs. 
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Figure 2. Stabilizing CCT’s mean value using the poise among two different phosphorus concentrations 


Figure 3 shows the influences of red phosphor ZnS:Mn?*,Te* concentrations of 2 percent and 24 
percent upon WLEDs radiation spectrum. When a WLED's illuminating beam hits 5600 K ACCT, the 
spectral areas emit white light. The red line grows with ZnS:Mn?*,Te?* concentration in three 
distinct portions, the most notable of which is from 648 to 738 nm, followed by 420-480 and 500-640 nm. 
When the dispersed blue emission declines within the 420—480 nm radiation range, the standard improves. 
The hue temperature influences the radiation spectrum's enlargement. The results reveal that the inclusion of 
ZnS:Mn**,Te** at low (6600 K) and great (7700 K) hue temperatures considerably improves the hue 
standard of WLEDs. This significant discovery will influence the way producers select the optimal 
concentration while producing LEDs. The illuminating beam of these WLEDs is a slight drawback in those 
featuring excellent hue fidelity which producers should be aware of. 
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Figure 3. WLEDs emitting spectra corresponding to ZnS:Mn**,Te** concentration 


Because of the red phosphor ZnS:Mn**,Te”* absorption feature, the findings in Figure 4 imply that 
applying ZnS:Mn**,Te*+ phosphor may raise the hue rendering indicator. Although the red phosphor 
ZnS:Mn**,Te** imbibes the light of yellow as well, the absorption of the light of blue is more prevalent owing 
to the material phosphor properties. Whenever the package includes the red phosphor ZnS:Mn7*,Te”*, the red 
lighting element in WLEDs increases, which benefits CRI. One of the really popular factors used to assess 
the standard of a WLED is CRI; the greater the CRI, the higher the WLED's standard, and hence the more 
expensive the manufacturing expenses are. With the low cost of using ZnS:Mn**,Te”* phosphor, WLEDs 
with ZnS:Mn**,Te** phosphor will be utilized more frequently. Because CRI is not a very in-depth indicator, 
it is no longer significant for assessing the hue standard of WLEDs. Instead, the CQS becomes a more precise 
and effective indicator of WLED efficacy. CQS is presently the most comprehensive color quality index 
because it measures three aspects of WLEDs: hue rendering indicator, observer choice, and hue coordination. 
The influence of the red phosphor ZnS:Mn**,Te** on the CQS is shown in Figure 5, illustrating that it 
increases hue standard. Although the CasB2SiOj\o:Eu** phosphor increases hue standard, it also reduces the 
intensity of illumination emitted noticeably. In the following section, the numerical formulation of 
transferred blue-emitted light with transformed yellow-emitted light in the dual-film phosphorus 
configuration, a possible portion that can improve LED effectiveness, is shown as: 

The asymmetrical SPD of a monochromatic LED is commonly represented by a Gaussian function [22], [23]: 


1 (A-Apeak)* 
Pa = Pope za exp |-0.5 « ee”) a) 


In which o is determined by maximum wavelengths Apeak an FWHM Ad is defined below: 
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The blue-and-yellow spectrum's aggregation can theoretically be expressed as WLED's SPD using 
YAG yellow phosphorous and a blue LED chip. Practically, however, the purported yellow phosphorus 
generates illumination in both yellow and green wavelengths (illustrated in the purposive spectrum in 
Figures 1 and 2). The feature that distinguishes the considerably calculated SPD from twofold shading 
(blue, yellow) ranging modeling might be stated to be a greenish ranging if we select a blue-emitting and 
yellow-emitting ranging. Finally, a green-emitting ranging might couple with the two-ranging simulation, 
yielding the exploratory trispectrum (B—G—Y) model (3), which remodels as (4). 
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where P, is spectrum power dispersion (SPD) (mW/nm), h is Planck’s absolute (J.s), c is illumination pace 
(ms), à is wavelength (nm), Pop: is optic intensity (W), peak is peak of wavelength (nm), Ad is fullfilled- 
width at half of maximum value (FWHM) (nm), 7 is dimensionless proportion of specialized spectrum to 
white-emitted spectrum, Poptb, Popt g, Popy, and Popt total is optic intensity (W) of the blue-emitted, green- 
emitted, yellow-emitted, and white-emitted spectrum, accordingly, Apeakb, Apeak_g, ANd Apeaky is peak of 
wavelengths (nm) of the blue-emitted, green-emitted, and yellow-emitted spectrum, accordingly, op, Og, and 
oy is FWHM -based coefficients (nm) of the blue-emitted, green-emitted, and yellow-emitted spectrum, 
accordingly, nb, Ng, and ny is dimensionless proportion of blue-green—yellow (B—G—Y) spectrum to white 
emitted spectrum, A1, A2 is half-peak-intensity wavelengths. 
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Figure 4. WLEDs colour rendered indicator relating ZnS:Mn7*,Te”* concentration 
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Figure 5. WLEDs hue standard ratio relating ZnS:Mn?*,Te** concentration 


Ordinarily, a spectrum that has three colors can state as SPD modeling for phosphor-coated WLEDs, 
which potentially is an extended Gaussian model. The Mie-theory helped us determine the diffusing of 
ZnS:Mn**,Te** phosphor particles. Correspondingly, utilizing the Mie hypothesis, the diffusing cross-section 
Csca of spherical fragments could be determined using the calculation as follows [24]. We can also apply the 
Lambert-Beer law to compute the transmitted illuminating power [25]: 


T=Io exp(-UextL) (5) 


The direct illuminating energy is Jo, L is the phosphorus layer thickness (mm), and the extinction factor 
iS ex, Which could be calculated using the following formula: Ueu=N,.Cex, where N, denotes the particle 
dispersion (mm), and Cex (mm?) is the phosphor particle extinction cross-section. The result of implementing 
(5) reveals that a dual-film distant phosphor configuration produces significantly more lighting beams than a 
single-film phosphor configuration. Henceforth, the dual-film phosphor configuration works hard and 
contributes to increased illuminating beam in WLEDs. The concentration of ZnS:Mn**,Te”* has a significant 
impact on the optic output of double-layer phosphorus configuration WLEDs featuring red-emitting phosphorus 
ZnS:Mn7*,Te**. The Lambert-Beer law shows that the extinction factor ew and the concentration of 
ZnS:Mn**,Te** rise in lockstep; nevertheless, the illumination radiation power rises in the opposite course of the 
extinction factor Wew . Consequently, the increase of phosphor sheet breadth by adding additional 
CasB2SiOjo:Eu** reduces the luminous flux of WLEDs. Figure 6 illustrates this conclusion by reducing 
illuminating beam in all CCTs as the ZnS:Mn**,Te** concentration rises to 26%. In general, adopting a dual-film 
phosphor configuration with red phosphor ZnS:Mn**,Te?* produced a significantly more illuminating beam than 
a single-film. Equally, ZnS:Mn7*,Te** also provides numerous CRI and CQS improvements. Under those 
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circumstances, the benefits of a minor reduction in luminous flux outweigh the disadvantages. The 
manufacturer will determine the most appropriate concentration setting, and the optimal concentration of 
ZnS:Mn**,Te** can neither suit the quality desires of them in the mass manufacturing of WLEDs. 
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Figure 6. The lumen output of WLEDs corresponding to ZnS:Mn**,Te”* concentration 


CONCLUSION 
We created high-grade WLEDs via coupling a YAG:Ce** PiG and a red-emitting LQD in this study. 


The LQD relocated in a PiG packaging gap to prevent oxygen and humidity from interacting with the QDs. 
At 100 mA current, the PiG LQD-based WLED emits a warming white-emitting illumination comprising an 
exceptional hue standard, a 3764 K CCT, and a 62 Im/W LE. Because of the suppression of self- 
accumulation and outer side of QDs solid state's flaws, the PiG LQD shows a more elevated LE with better 
CRI than the PiG SQD. Given its superior thermal management, the PiG LQD has a reduced exterior 
temperature, this adds to the heating steadiness of PiG LQD-built WLEDs. 
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